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REFERENCE  TABLES  FOR  PLATINUM  TO  PLATINUM- 
RHODIUM  THERMOCOUPLES 

By  Wm.  F.  Roeser  and  H.  T.  Wensel 

ABSTRACT 

Reference  tables  for  use  with  platinum  to  platinum-10  per  cent  rhodium  and 
platinum  to  platinum-13  per  cent  rhodium  thermocouples  have  been  prepared. 
When  these  tables  are  used,  the  deviation  curves  obtained  for  individual  couples, 
have  no  points  of  inflection  and  are,  with  few  exceptions,  linear.  These  tables 
are  based  on  the  International  Temperature  Scale,  so  that  the  indications  of  a 
thermocouple  whose  calibration  is  obtained  by  extrapolation  of  a  deviation  curve 
above  the  gold  point  will  agree  in  this  region  with  those  of  an  optical  pyrometer. 
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I.  INTRODUCTION 

Although  the  platinum  to  platinum-10  per  cent  rhodium  thermo- 
couple is  used  to  define  the  International  Temperature  Scale  only 
in  the  range  660°  to  1,063°  C,  this  couple,  as  well  as  the  13  per  cent 
rhodium  couple,  is  used  extensively  in  measuring  temperatures  in  the 
range  0°  to  1,500°  C.  Convenient  and  reliable  means  are  required 
not  only  for  calibrating  these  couples  over  this  entire  range  but  also 
for  reducing  readings  of  electromotive  force  to  temperature. 

Since  the  platinum  resistance  thermometer,  in  the  range  0°  to 
660°  C,  and  the  optical  pyrometer,  in  the  range  above  1,063°  C,  are 
also  used  in  defining  the  International  Temperature  Scale,  it  is  neces- 
sary to  compare  thermocouples  either  directly  or  indirectly  with  these 
instruments  in  their  respective  temperature  ranges.  Since  it  is  not 
convenient  to  compare  thermocouples  directly  with  the  other  types 
of  instruments,  it  is  necessary  to  resort  to  indirect  methods. 

The  indirect  comparison  of  thermocouples  with  resistance  thermom- 
eters in  the  range  0°  to  660°  C.  is  easily  carried  out  by  employing 
thermometric  fixed  points  defined  by  the  temperature  of  equilibrium 
between  the  solid  and  liquid  phases  or  the  liquid  and  vapor  phases 
of  pure  substances.  There  are  a  large  number  of  such  points  in  this 
temperature  range.  However,  there  are  no  metals  having  freezing 
points  above  the  freezing  point  of  copper  (1,083°  C.)  with  which  con- 
veniently to  compare  thermocouples  and  optical  pyrometers.  The 
freezing  points  of  nickel  (1,455°  C.)  and  of  palladium  (1,555°  C.)  are 
near  the  upper  useful  limit  of  thermocouples,  but  both  of  these  ma- 
terials should  be  melted  in  vacuo  to  obtain  the  best  results.  It  is 
therefore  desirable  in  the  routine  calibration  of  thermocouples  (ex- 
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cepting  those  cases  where  the  highest  possible  accuracy  is  required) 
to  employ  a  method  which  does  not  require  the  comparison  of  each 
thermocouple  with  the  optical  pyrometer. 

The  method  of  calibration  employing  standard  reference  tables 
with  suitable  deviation  curves  has  been  described  by  Sosman  *  and 
Adams.2  As  pointed  out  by  these  authors  such  reference  curves  are 
arbitrary  but  it  is  advisable,  for  the  sake  of  accuracy,  that  they  repre- 
sent closely  the  actual  form  of  the  curve.  If  the  reference  table  is 
properly  constructed,  the  deviations  of  thermocouple  calibrations 
from  it  will  be  small  and  the  resulting  deviation  curve  approximately 
linear,  requiring  comparatively  few  calibrations  points  to  fix  the  curve. 

Standard  reference  tables  for  use  with  platinum  to  platinum-10  per 
cent  rhodium  thermocouples  are  given  by  Sosman  and  by  Adams  in 
the  references  cited.  The  table  given  by  Sosman  is  based  upon  the 
measurements  made  by  Day  and  Sosman  3  with  the  gas  thermometer 
and  thermocouples.  The  table  given  by  Adams  is  essentially  the 
same  as  that  of  Sosman  above  650°  C,  but  the  values  below  650°  C. 
have  been  altered  to  agree  with  changes  in  the  temperature  scale. 

The  adoption  of  the  International  Temperature  Scale 4  defining 
temperatures  above  1,063°  C.  in  terms  of  Wien's  law  of  radiation, 
with  an  assigned  value  of  C2,  raises  the  question  as  to  whether,  in 
this  region,  Adams's  reference  table  represents  the  emf  temperature 
relation  on  the  international  scale.  Measurements  at  the  Bureau  of 
Standards  5  of  the  temperatures  on  the  international  scale  of  several 
of  the  fixed  points  used  by  Day  and  Sosman  have  indicated  fairly 
well  the  differences  between  this  scale  and  that  used  by  Day  and 
Sosman.  If  it  be  taken  for  granted  that  the  thermocouples  used  by 
these  authors  have  the  same  characteristics  as  those  now  being  used, 
the  table  of  Adams  may  be  modified  by  merely  converting  the  tem- 
peratures in  this  table,  above  1,063°  C,  to  the  international  scale  by 
applying  the  differences  deduced.  It  seemed  advisable,  however,  to 
adopt  the  sounder  procedure  of  comparing  the  indications  of  thermo- 
couples with  those  of  the  optical  pyrometer  above  1,063°  C.  and  with 
those  of  platinum  resistance  thermometers  in  the  range  below  660°  C. 

II.  EXPERIMENTAL  PROCEDURE 

Twenty  standard  thermocouples,  platinum  to  platinum-10  per  cent 
rhodium,  from  four  different  manufacturers  were  calibrated  in  the 
range  660°  to  1,063°  C.  in  accordance  with  the  procedure  specified 
for  the  International  Temperature  Scale.  They  were  then  calibrated 
in  the  range  0°  to  420°  C.  at  four  thermometric  fixed  points  which 
had  been  previously  determined  by  the  platinum  resistance  thermom- 
eter. Above  1,063°  C.  eight  of  the  thermocouples  were  directly 
compared  with  an  optical  pyrometer  by  employing  an  electrically 
heated  black  body  up  to  1,450°  C.  The  thermocouples  were  then 
heated  until  the  platinum  at  the  hot  junction  melted  and  the  emf 
observed  at  the  instant  of  melting  was  assigned  to  the  tempera ture 
previously  determined  for  the  platinum  point,  1,773°  C.8 

>  Am.  J.  Sci.  (4),  vol.  SO,  p.  7,  1910. 

»  J.  Am.  Chem.  Soc,  vol.  S6,  p.  65,  1914,  Pyrometry  Symposium.    A.  I.  M.  M.  E.,  p.  165,  1919. 

»  Car.  Inst,  of  Wash.  Pub.  No.  157,  1911.    Am.  J.  Sci.,  vol.  33,  p.  517,  1912. 

*  Proc.  Seventh  General  Conference  of  Weights  and  Measures.    1927,  p.  56.    Text  in  Annex  IV,  p.  94. 
O.  K.  Burgess,  B.  S.  Jour.  Research,  vol.  1,  p.  635,  1928. 

*  B.  S.  Jour.  Research,  vol.  5,  p.  1309,  1930. 

*  B.  8.  Jour.  Research,  vol.  6,  p.  1119,  1931. 
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III.  CONSTRUCTION  OF  TABLE 

The  alloy  element  of  the  standard  platinum-rhodium  thermocouple 
is  specified  as  that  alloy  which  develops  between  10.2  and  10.4  mv 
against  pure  platinum  at  the  gold  point.  This  fixes  the  rhodium  con- 
tent of  the  alloy  at  10  per  cent  as  accurately  as  cao.  be  done  by  chemical 
analysis.  Since  the  value  given  in  Adams's  table  at  the  gold  point 
(10.301  mv)  is  near  the  mean  of  these  limits  it  was  considered 
advisable  to  retain  this  value  in  the  new  table. 

Since  the  average  emf  of  the  couples  investigated  differed  by  A  E 
(about  4  pv)  from  Adams's  table  at  the  gold  point,  the  emf  at  each  cali- 
bration point  was  increased  by  an  amount  ■ —       n° — - XA^. 

lU,oUl 

This  yielded  a  skeleton  table,  given  in  Table  1,  which  agrees  with 
Adams's  table  at  the  gold  point  and  from  which  nearly  all  the  thermo- 
couples deviated  linearly.  The  few  deviation  curves  which  were  not 
straight  lines  contained  no  points  of  inflection.  Typical  deviation 
curves  from  Adams's  table  and  this  skeleton  table  are  shown  in  Figure  1. 
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Figure  1. — Deviation  curves  of  a  typical  10  per  cent  rhodium  thermocouple 

Several  equations  were  used  for  interpolating  between  the  values 
in  the  skeleton  table,  since  no  simple  equation  was  found  which  would 
fit  the  values  over  the  entire  temperature  range.  In  order  to  make 
the  curve  and  its  first  derivative  continuous,  the  slopes  of  each  pair 
of  successive  interpolation  equations  were  made  equal  at  the  point  in 
common.     These  equations  are  also  given  in  Table  1. 


Table  1. — Calibration  points  and  derived  emf's 

Tempera- 
lure 

Emf 

Melting  point  of  ice 

0  C. 

0.0 
100.0 
231.9 
327.4 
419.45 
630.5 
960.5 

1, 063.  0 

1,250 

1,400 

1,773 

0 

Boiling  point  of  water 

643 

Freezing  point  of  tin .     .  .. 

1  709 

Freezing  point  of  lead 

2,567 
3,436 
5,535 
9,117 
10,  301 
12,522 
14,312 
18,690 

Freezing  point  of  zinc 

Freezing  point  of  antimonv   .  .       .   

Freezing  point  of  silver 

Freezing  point  of  gold. 

Melting  point  of  platinum 

152894—33- 
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Equations  used  for  interpolating  between  calibration  points 

0°  to  231.9°  CL  .£=5.45018*  +0.0109517*2-0.000011535*3 

231.9°  to  327.4°  C,    #=-35.01  +6.10222*  +0.00728131*2-0.0000050249*3 

327.4°  to  419.45°  C.,  #'=-5375  +6.29745*  +0.00661301**  -0.0000042712*3 

419.45°  to  630.5°  C,  £=-309.17  +8.29558*  +0.00144103*5  +0.0000001634*3 

630.5°  to  660°  C,       E=  -263.93  +8.04427t  +0.00189675*2-0.00000010773*3 

660°  to  1,063°  C,       £=-333.29  +8.29175*  +0.00161080*2 

1,063°  to  1,250°  C,    £"=1,858.96  +1.76577*  +0.00807342*2  -0.00000212935*3 

1,250°  to  1,773°  C,    £=-2,074.00+10.86774*  +0.00106153*'  -0.00000033143*3 

A  table  of  approximate  values  for  platinum  to  platinum- 13  per 
cent  rhodium  thermocouples  is  given  in  Bureau  of  Standards  Techno- 
logic Paper  No.  170.  This  table  was  determined  before  the  adoption 
of  the  International  Temperature  Scale,  and  is  subject  to  the  same 
disadvantages  as  Adams'  table  for  the  10  per  cent  rhodium  thermo- 
couples. A  typical  deviation  curve  from  this  table  is  shown  in 
Figure  2. 

THERMOCOUPLE  B     13-3 
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Figure  2. — Deviation  curves  of  a  typical  IS  per  cent  rhodium  thermocouple 

A  new  reference  table  for  13  per  cent  rhodium  thermocouples  was 
obtained  by  comparing  four  such  couples  with  10  per  cent  rhodium 
couples  and  by  applying  the  difference  between  the  two  types  to 
the  tabular  values  for  10  per  cent  rhodium  couples. 

IV.  RESULTS 


Corresponding  values  of  emf  and  temperature,  as  derived  in  this 
work  for  the  10  and  13  per  cent  rhodium  thermocouples,  are  given 
in  Tables  2  to  5.  Below  1,200°  C.  the  maximum  difference  between 
Table  2  and  Adams'  table  is  0.7°  C. 
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Previous  to  this  the  best  working  tables  available  for  the  tempera- 
ture emf  relations  of  platinum  to  platinum  rhodium  thermocouples 
were  those  on  pages  306  and  308  (Adams'  table)  of  Bureau  of  Stand- 
ards Technologic  Paper  No.  170,  and  the  bureau  has,  in  the  past, 
recommended  their  use.  Recent  progress  in  optical  pyrometry  and 
the  adoption  of  the  International  Temperature  Scale  have  indicated 
the  desirability  of  reference  tables  which  represent  more  accurately 
the  characteristics  of  these  couples.  The  publication  of  these  tables, 
however,  should  not  be  construed  as  indicating  in  any  way  a  change 
in  the  characteristics  of  the  couples. 

The  values  in  these  reference  tables  above  the  gold  point  are  prac- 
tically identical  up  to  the  palladium  point  (1,555°  C.)  with  those 
which  would  have  been  obtained  by  simply  converting  the  tempera- 
tures in  the  old  tables  to  the  international  scale  by  means  of  the  differ- 
ences between  the  scales  inferred  from  recent  determinations  of  fixed 
points.  This  indicates  that  the  thermocouples  used  by  Day  and 
Sosman  had  essentially  the  same  characteristics  as  those  now  being 
used.  As  an  illustration  the  emf  of  the  10  per  cent  rhodium  couple 
was  found  to  be  16.136  mv  at  1,553.6°  C,  the  freezing  point  of  palla- 
dium, from  optical  measurements,  whereas  Adams'  table  gives  16.14 
mv  for  a  temperature  of  1,549.2°,  the  palladium  point  on  the  scale 
of  Day  and  Sosman. 

A  comparison  of  the  deviation  curves  obtained  from  the  new  refer- 
ence tables  and  from  the  tables  previously  available  are  shown  in 
Figures  1  and  2.  The  former  may  be  extrapolated  with  confidence 
practically  up  to  the  platinum  point. 

In  conclusion  it  may  be  well  to  emphasize  the  arbitrary  nature  of 
these  tables.  They  represent  accurately  only  the  shape  of  the  emf 
temperature  curve  for  the  particular  type  of  couple  and  do  not  neces- 
sarily represent  the  actual  emf  even  for  a  thermocouple  having  exactly 
the  composition  given.  Using  these  tables  with  deviation  curves 
determined  by  calibration  at  two  points  (about  600°  and  1,200°  C), 
a  calibration  is  obtained  which  is  not  in  error  by  more  than  3°  C.  from 
0°  to  1,500°  C. 

V.  SUMMARY 

Reference  tables  for  two  classes  of  platinum-rhodium  thermo- 
couples, the  10  per  cent  and  13  per  cent  rhodium  alloys  versus  plati- 
num have  been  determined.  They  accurately  represent  the  shape 
of  the  emf  temperature  curves  for  these  couples  when  the  International 
Temperature  Scale  is  used.  The  deviation  from  these  tables  of  the 
couples  now  being  used  show  no  points  of  inflection  and  with  few 
exceptions,  are  linear. 
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